A quantitative analysis of the variability of human orbitofrontal anatomical landmarks is required if one is to describe properly the location of functional or structural changes within this brain region. The present study investigated the orbitofrontal sulci in 100 normal adult human cerebral hemispheres using magnetic resonance images that were transformed into the standardized proportional stereotaxic space most commonly used, that of Talairach and Tournoux (1988). Four orbitofrontal sulci were identified and marked on each hemisphere: the olfactory, the medial, the lateral, and the transverse orbital sulci. Probability maps were then constructed for each sulcus. These maps provide a statistical description of the variability of the location of each orbitofrontal sulcus within the three-dimensional coordinate system of Talairach and Tournoux (1988). These probability maps may be directly compared with any image transformed into the same standardized space, providing a valuable tool for identifying and describing the location of functional or structural changes in the orbitofrontal region of the human brain.
INTRODUCTION
Functional neuroimaging methods, such as positron emission tomography and functional magnetic resonance imaging, permit identification of physiological changes in the brain (e.g., blood flow, receptor-ligand binding) associated with various cognitive and affective processes (Phelps et al., 1982; Moseley and Glover, 1995) . Using these methods, several studies have demonstrated activity changes in the human orbitofrontal region in relation to olfactory (Zatorre and Jones-Gotman, 1991; Levy et al., 1997; Zald and Pardo, 1997; Dade et al., 1998) , gustatory (Small et al., 1997 (Small et al., , 1999 Zald et al., 1998) , and affective processes (Zald and Pardo, 1997) . Changes in the orbitofrontal cortex have also been observed in certain pathological states, such as in various affective disorders (Baxter et al., 1987 (Baxter et al., , 1988 Nordahl et al., 1989; Benkelfat et al., 1990; Insel, 1992; Swedo et al., 1992; Rauch et al., 1994 Rauch et al., , 1995 . It has proved, however, difficult to correlate functional changes in activity with particular regions of the orbitofrontal cortex because anatomical landmarks in this part of the brain and their variability have not been adequately documented. In order to interpret and discuss the location of activity changes within a given brain region, it is necessary to make reference to constant, reliable, anatomical landmarks. Moreover, these landmarks should be defined within a standardized reference system and their location and variability should be described quantitatively using stereotaxic coordinates.
Traditionally, functional neuroimaging studies have relied on the Talairach atlas to determine the location of functional activity changes (Talairach et al., 1967; Talairach and Tournoux, 1988) . The Talairach atlas uses a coordinate system based on the three principal axes of the brain (mediolateral, rostrocaudal, dorsoventral) and two anatomical landmarks (the anterior and posterior commissures) and has been used widely for structural and functional stereotaxic mapping. Although many investigations report their results using the Talairach coordinate system, problems arise when Abbreviations used: AOG, anterior orbital gyrus; AOGl, lateral part of anterior orbital gyrus; AOGm, medial part of anterior orbital gyrus; C, caudate; Fr, sulcus fragmentosus; frmg. lat, lateral frontomarginal sulcus; GR, gyrus rectus; HR, horizontal ramus of the Sylvian fissure; IFS, inferior frontal sulcus; IOS, intermediate orbital sulcus; IOSl, lateral intermediate orbital sulcus; IOSm, medial intermediate orbital sulcus; LOG, lateral orbital gyrus; LOS, lateral orbital sulcus; LOSc, caudal portion of lateral orbital sulcus; LOSr, rostral portion of lateral orbital sulcus; MOG, medial orbital gyrus; MOS, medial orbital sulcus; MOSc, caudal portion of medial orbital sulcus; MOSr, rostral portion of medial orbital sulcus; Olf, olfactory sulcus; P, putamen; POG, posterior orbital gyrus; POGl, lateral part of posterior orbital gyrus; POGm, medial part of posterior orbital gyrus; POS, posterior orbital sulcus; POSl, lateral posterior orbital sulcus; POSm, medial posterior orbital sulcus; SF, Sylvian fissure; TOS, transverse orbital sulcus.
an attempt is made to localize activity changes to specific cerebral regions using the Talairach atlas. Because this atlas is based on one hemisphere of a 64-year-old female, it does not take into account anatomical variability. The effective use of a standardized stereotaxic space requires statistical statements of the variability in the location of different brain structures within it (i.e., probabilistic maps) that are necessary to account for individual differences in brain shape and size (Mazziotta et al., 1995a) . In addition, the Talairach atlas was originally established to guide invasive surgical procedures near deep brain structures and is not optimal for alignment of cortical features.
To overcome these limitations, it is necessary to construct a probabilistic atlas that quantifies human neuroanatomical variability in the form of a 3-dimensional stereotaxic map, where each voxel is given a probability value expressing the likelihood of finding a particular structure at that location . This strategy allows one to integrate anatomical data from numerous individuals, to assess the spatial variability of major landmarks, and to make probabilistic statements about their location. Probability maps have already been created for the cingulate and paracingulate sulci (Paus et al., 1996a (Paus et al., , 1996b , the primary auditory cortex (Penhune et al., 1996) , and the pars opercularis of the inferior frontal gyrus (Tomaiuolo et al., 1999) .
Until now, there has been no quantitative investigation of the variability of major orbitofrontal landmarks, such as sulci, within a standardized stereotaxic space. In a previous paper, we identified the major human orbitofrontal sulci and sulcal patterns (Chiavaras and Petrides, 2000) . The aim of the present study is to provide detailed quantitative descriptions of the location and variability of each major orbitofrontal sulcus within a standardized proportional stereotaxic space. Probability maps have been created for the olfactory, medial, lateral, and transverse orbital sulci and are shown in the horizontal, coronal, and sagittal planes of section.
METHODS

Subjects
Magnetic resonance scans of 50 human brains were examined. The subjects were healthy volunteers drawn from the Montreal area population acquired as part of the International Consortium for Brain Mapping project (Mazziotta et al., 1995a (Mazziotta et al., , 1995b . The sample consisted of 22 females (mean age 24.84 years, SD 5.28) and 28 males (mean age 25.42 years, SD 5.29). All subjects were right-handed as assessed by self-report, had a negative history of neurological and/or psychiatric disorders, and gave informed consent.
Magnetic Resonance Imaging
All MR scans were performed on a Phillips Gyroscan 1.5-T superconducting magnet system. A 3-D fast-field echo sequence was used to acquire 160 contiguous 1-mm T 1 -weighted images (T r ϭ 18 ms, T e ϭ 10 ms, flip angle 30°) in the sagittal plane. Each MR volume was then transformed into a standardized proportional stereotaxic space, the Montreal Neurological Institute (MNI) 305 brain-averaged space, using an automatic registration program . This single linear transformation uses a 3-D cross-correlation approach to match a single MR volume with the intensity average of the 305 MNI brain volumes previously aligned into the stereotaxic space of Talairach and Tournoux (1988) . The transformation of the 3-D MRI volumes into stereotaxic space effectively normalizes the images for interindividual differences in brain size. Following the transformation, all volumes were resampled on a 1-mm 3 isotropic grid. The thickness of the interpolated sagittal, axial, and coronal slices were 1 mm.
The anterior commissure (AC) is the origin of the coordinate system used (x ϭ 0; y ϭ 0; z ϭ 0) (Talairach et al., 1967; Talairach and Tournoux, 1988) . In this standardized proportional stereotaxic space, coordinates are expressed in millimeters. The mediolateral (or left-right) axis is represented by the x coordinate (positive ϭ right hemisphere), the rostrocaudal (anterior-posterior) axis by the y coordinate (positive ϭ rostral to anterior commissure), and the dorsoventral (superior-inferior) axis by the z coordinate (positive ϭ superior to a horizontal line drawn through anterior and posterior commissures) (Fig. 1) .
Segmentation of Intrasulcal Gray Matter
The variability of the human orbitofrontal sulci was previously examined and three major pattern types were identified based on the arrangement of individual sulci (Chiavaras and Petrides, 2000) . On the basis of this understanding of the variability of the various orbitofrontal sulci, in the present study, individual sulci could be consistently identified on the MR scans . Probability values range from 0.1 and 0.9, meaning that all points of a given sulcal probability map belong to the banks of that sulcus for at least 5 subjects from the sample studied (0.1 ϭ 5/50) and the highest probability value shown includes at least 45 subjects (0.9 ϭ 45/50). 482
using Display, an interactive three-dimensional imaging software package. This program allows the MR scans to be viewed and marked simultaneously in the coronal, horizontal, and sagittal planes of section (MacDonald, 1996) . When the mouse-driven cursor is moved to any point in a given section (e.g., coronal), the sections in the other two planes (e.g., sagittal and horizontal) that run through that point are automatically displayed. After the overall intensity of the scans was set by visual inspection to give adequate gray/white contrast, all the gray matter voxels extending from the brain surface to the depth of any given sulcus were marked.
It should be noted that, in following the course of a particular sulcus, there are discontinuities that may not be apparent from inspection of the surface of the brain (Chiavaras and Petrides, 2000; Ono et al., 1990) . In order to deal with this problem, the entire course of each sulcus was followed through 1 mm coronal, horizontal, and sagittal brain sections. In this manner, discontinuities became apparent and enabled the investigator to determine with accuracy the extent and direction of each sulcus (see Chiavaras and Petrides, 2000 , for details).
Surface Renderings and Probability Mapping
Three-dimensional surface renderings of individual brains were obtained using an automatic, model-based, surface deformation algorithm . The sulcal labels, which were marked on contiguous two-dimensional sections, could then be transferred to and viewed on the three-dimensional renderings of the orbitofrontal cortex.
Finally, three-dimensional stereotaxic probability maps were created for each sulcus by determining the incidence of labeled voxels across subjects. More specifically, at a particular 3-D stereotaxic location, the number of times a given voxel belongs to the structure of interest is divided by the number of subjects under study to obtain a probability value. These probability maps represent a 3-D image of the likelihood that any voxel in stereotaxic space will be classified as including the intrasulcal gray matter of a given sulcus, thereby allowing one to quantify spatial variability of these anatomical structures. The probability maps have been superimposed on an average MRI that had been transformed into Talairach space (Evans et al., 1992a) . The Talairach grid system overlies each probability map enabling one to identify readily the stereotaxic x, y, and z locations for each sulcus.
RESULTS
Nomenclature
In a previous paper, we identified the major sulci of the human orbitofrontal cortex, described the patterns formed by these sulci, and compared them with those of the macaque monkey brain (Fig. 2) (Chiavaras and Petrides, 2000) . Furthermore, we adopted a nomenclature that is similar to that used by classical (Weisbach, 1870; Eberstaller, 1890; Economo and Koskinas, 1925; Connolly, 1936; Walker, 1940; Bonin and Bailey, 1947; Bailey and Bonin, 1951) and contemporary (Ono et al., 1990) authors and which is consistent across human and monkey brains.
The olfactory sulcus occupies the most medial position, running in a rostral-caudal direction and providing the lateral border of the gyrus rectus. Lateral to the olfactory sulcus, there are two longitudinally directed sulci: the medial and lateral orbital sulci. These sulci can be viewed as having rostral and caudal portions. Located approximately in the center of the orbitofrontal cortex, the transverse orbital sulcus runs horizontally between the medial and lateral orbital sulci. It thereby separates the rostral portions of the medial orbital (MOSr) and lateral orbital (LOSr) sulci from their caudal portions, MOSc and LOSc. Together, the medial, lateral and transverse orbital sulci divide the orbitofrontal cortex into four major gyri: the medial, lateral, anterior, and posterior orbital gyri.
Other, less consistent sulci are also present on the human orbitofrontal cortex. One or two intermediate orbital sulci are often present between the rostral portions of the medial and lateral orbital sulci dividing the anterior orbital gyrus into two or three smaller gyri. One or two posterior orbital sulci may also be found between the caudal portions of the medial and lateral orbital sulci, subdividing the posterior orbital gyrus as well. Finally, a small, sometimes fragmented sulcus, the sulcus fragmentosus, may be located between the olfactory and medial orbital sulcus.
Views of the Orbitofrontal Sulci in Horizontal, Coronal, and Sagittal Planes
Selected sections of the probability maps of orbitofrontal sulci, taken at the levels shown in Fig. 3 , are presented in horizontal (Figs. 4 -10) , coronal , and sagittal planes and show the progression of the sulci from the inferior to superior, FIGS. 4 -10. Horizontal sections of the probability maps for the olfactory (A), medial and lateral (B) orbital sulci. The mediolateral (x) position in mm is shown above and below the image with x ϭ 0 marking the interhemispheric plane, negative numbers representing the left hemisphere, and positive numbers representing the right hemisphere. The rostrocaudal ( y) dimension in mm is shown to the left and right of the image with y ϭ 0 marking the vertical plane drawn through the anterior commissure and positive numbers representing the region rostral to this plane. In Figs. 6 -9, a section (C) from an individual brain, taken at the same level as the probability map, illustrates the location of the sulci and gyri.
anterior to posterior, and medial to lateral directions, respectively. Horizontal, coronal, and sagittal sections of an MRI of an individual brain are also shown to illustrate the sulci, gyri, and surrounding structures of the orbitofrontal region.
Thresholding and Maximum Probability Values
Probability values are displayed by means of a color scale ranging from 0.1 and 0.9 (Fig. 3C) . Thus, all points of a given probability map belong to the banks of that sulcus for at least five subjects from the sample studied (0.1 ϭ 5/50) and the highest probability value shown includes at least 45 subjects (0.9 ϭ 45/50). For example, the white area found in the probability map of the olfactory sulcus (e.g., Fig. 6 ) corresponds to a probability value of 0.9 or higher, indicating that, in at least 90% of the subjects, the olfactory sulcus occupied these coordinates.
In some cases, however, although the possible maximum probability was 0.9, the actual maximum probability was less. For example, in the left hemisphere, the actual maximum probabilities for the location of the medial and lateral orbital sulci were approximately 0.8 (red area) and 0.7 (yellow area), respectively (see Fig. 8B ). In other words, the region of highest probability for the locations of the left medial and lateral orbital sulci comprises only 80 and 70% of the subjects, respectively. This demonstrates increased variability as one moves laterally. The olfactory sulcus, with a maximum probability of 0.9, is the one that is least variable followed by the medial orbital sulcus and then the lateral orbital sulcus. Furthermore, the probability maps of the medial orbital sulcus show that the more caudal portion of this sulcus is less variable than the rostral portion in both the left and right hemispheres (Figs. 7B and 8B) . The maximum probabilities of the caudal portions are 0.8 (red area) and 0.9 (white area) for the left and right hemispheres, respectively (Fig.  6B) , whereas the maximum probability of the rostral portions is 0.65 (Fig. 8B, yellow area) for both hemispheres.
Location of the Orbitofrontal Sulci
Bounding box coordinates are presented in Table 1 for each sulcus in the standardized proportional stereotaxic space of Talairach. The first set of values represents the boundaries of the x, y, and z coordinates containing the cortex lining a particular sulcus in at least 10% of subjects. The second set of values represents a region of greater probability for a particular sulcus (the corresponding probability value is shown in parentheses). For the olfactory and medial orbital sulci, values are presented separately for the rostral ("r") and caudal ("c") portions of the sulci.
Location of the Orbitofrontal Gyri
Bounding box coordinates are approximated for each gyrus based on the midpoints of the neighboring sulci that define them (Table 2) . When the region of interest falls in an area of overlap (i.e., close to the border of two adjacent gyri), the sulcal probability maps will help determine the most probable gyrus.
DISCUSSION
The human orbitofrontal region contains four main sulci: the olfactory, medial, lateral, and transverse orbital sulci which divide the orbitofrontal cortex into five major gyri: the gyrus rectus, the medial orbital gyrus, the anterior and posterior orbital gyri, and the lateral orbital gyrus (Fig. 2) (Chiavaras and Petrides, 2000) . The aim of the present study was to provide a detailed statistical description of the location of each major orbitofrontal sulcus in the standardized stereotaxic proportional space of Talairach and Tournoux (1988) , the one most often used in functional neuroimaging studies. Having examined the MR images of 50 normal adult brains which were aligned into the standardized proportional space of Talairach and Tournoux (1988) , we created a three-dimensional probabilistic atlas which illustrates the variability of the location of the human orbitofrontal sulci in horizontal, coronal, and sagittal planes of section.
Sulcal Variability
The present study shows that there are significant differences in the variability of the orbitofrontal sulci and that this sulcal variability follows two distinct trends. There is a mediolateral trend with increasing variability as one progresses laterally from the olfactory sulcus and a caudorostral trend with increasing variability as one moves rostrally from the posterior orbital region. Furthermore, these trends correlate with sulcal development: sulci appearing early in gestation are more constant, whereas sulci appearing later are more variable.
Mediolateral trend. The olfactory sulcus occupies the most medial position and is the least variable orbitofrontal sulcus, with a large three-dimensional area common to more than 90% of the subjects (e.g., white area, Fig. 6A ). Interestingly, the olfactory sulcus is the first orbitofrontal sulcus to appear during development and is visible at 16 weeks (Chi et al., 1977) . Other major sulci appearing in the first half of pregnancy are the interhemispheric and transverse cerebral fissures (at 8 weeks), the Sylvian fissure and callosal sulcus (at 14 weeks), the calcarine fissure (at 16 weeks), the cingulate sulcus (at 18 weeks), and the central sulcus (at 20 weeks) (Chi et al., 1977) . It would seem therefore that the sulci which are most constant in location and easily recognizable appear earlier in development.
The medial orbital sulcus, located just lateral to the olfactory sulcus, displays greater variability than the olfactory sulcus. For example, the probability map of the right medial orbital sulcus contains only a small area that is shared by more than 90% of subjects (e.g., white area, Figs. 7B and 18B) in striking contrast to the large white area seen in the map of the olfactory sulcus (e.g., Fig. 6A ). At 28 -31 weeks gestation, Chi et al. (1977) illustrate a small sulcus on the orbitofrontal surface just lateral to the olfactory sulcus in the midorbital region, which further divides the orbitofrontal surface into medial and lateral gyri. This small sulcus may represent the beginning of the medial orbital sulcus.
The lateral orbital sulcus exhibits greater variability in location than the medial orbital sulcus. Unlike the probability map for the medial orbital sulcus, this map does not contain a region common to 90% of the subjects. It contains a very small region common to 75% of the subjects (e.g., light orange area, Fig. 15B ) and a slightly larger region common to 65% (yellow area). Chi et al. (1977) portray a third longitudinal sulcus on the orbitofrontal surface at 32-35 weeks that may correspond to the lateral orbital sulcus.
This mediolateral trend in sulcal variability correlates with sulcal development. The olfactory sulcus (appearing at 16 weeks gestation) is the least variable, followed by the medial orbital sulcus (appearing at 28 -31 weeks), and the lateral orbital sulcus (appearing at 32-35 weeks).
Caudorostral trend. A progressive change in sulcal variability is also observed as one moves from the caudal part of the orbitofrontal cortex rostrally. The caudal part of the olfactory sulcus is less variable than the rostral part (Figs. 7A and 8A) . Again, the caudal part of the olfactory sulcus is the first to appear at 16 weeks gestation and it gradually extends anteriorly until the 25th week of gestation (Chi et al., 1977) .
As with the olfactory sulcus, the caudal portion of the medial orbital sulcus is less variable than the rostral portion. The probability map of the caudal portion, located behind the transverse orbital sulcus panels B) , contains an area shared by 80 to 90% of the subjects (red and white areas, respectively). By contrast, the rostral portion is more variable, with an area common to no more than 70% of the subjects (Figs. 14B and 15B, yellow area) .
The transverse orbital sulcus, located in the midorbital region, has an area shared by more than 80% of the subjects (e.g., Fig. 29, red area) . This horizontal sulcus appears at 36 weeks gestation, creating anterior and posterior orbital gyri (Chi et al., 1977) . The intermediate orbital sulci, located rostral to the transverse orbital sulcus between the medial and lateral orbital sulci, were the most variable sulci described in this study. Chi et al. (1977) do not describe the temporal development of this sulcus, but do state that secondary orbital sulci appear at 40 -44 weeks gestation.
The caudorostral trend in sulcal variability, therefore, also correlates with sulcal development. The caudal portion of the olfactory sulcus (appearing at 16 weeks) is the least variable, followed by the caudal portion of the medial orbital sulcus (appearing at 28 -31 weeks), the transverse orbital sulcus (appearing at 36 weeks) and finally the intermediate orbital sulcus (appearing at 40 -44 weeks).
Methodological Considerations Regarding Variability
Strict application of the Talairach stereotaxic mapping method may introduce significant errors, which are magnified with increasing distance from the AC and PC landmarks due to the fact that the AC and PC landmarks are close (approximately 25 mm apart) and difficult to identify reliably (even on MRI). In this case, spatial variability increases with increasing distance from the AC-PC line; the more rostral and lateral a structure is located, the more variable it is. Observed differences in variability may not necessarily reflect a biological fact but, rather, a methodological artifact due to the AC-PC-based transformation.
For this reason, a general multiscale feature-matching technique is utilized at the MNI for mapping data into stereotaxic space (Collins et al., 1992 . This strategy uses a 3-D cross-correlation approach to match a single MR volume with the intensity average of a 305 MR brain composite. The transformation is similar to that of Talairach in that the composite MRI was previously aligned into stereotaxic space using five well-separated midline landmarks that yield a leastsquares fit approximation to the AC-PC line (Evans et al., 1992b; Collins et al., 1994) . However, because this method transforms brains into stereotaxic space by aligning individual voxels with the composite brain, all structures are uniformly mapped. That is regions far removed from the AC-PC line are not disproportionately distorted, as one would expect from using a transformation based solely on the alignment of the AC-PC line.
FIGS. 11-24. Coronal sections of the probability maps for the olfactory (A) and the medial and lateral (B) orbital sulci. In Fig. 16 , the probability map of the transverse orbital sulcus is shown instead of those of the medial and lateral orbital sulci. At this level, the transverse orbital sulcus joins with the medial and lateral orbital sulci to create an H-shaped pattern, marking the border between the anterior orbital gyrus and the posterior orbital gyrus (see Fig. 2 ). The mediolateral (x) position in mm is shown above the image with x ϭ 0 marking the interhemispheric plane, negative numbers representing the left hemisphere, and positive numbers representing the right hemisphere. The dorsoventral (z) dimension is to the left of each image with z ϭ 0 marking the horizontal plane taken through the anterior and posterior commissures. A section from an individual brain (Figs. 11-23, panel C; Fig. 24, panel B) taken at the same level as the probability map, illustrates the location of the sulci and gyri. Brodmann (1908 Brodmann ( , 1909 subdivided the human orbitofrontal cortex into two general areas (areas 11 and 47), but he emphasized that the cortex included in these two areas is not homogeneous and that it can be further subdivided. During the past 50 years, the orbitofrontal region of the macaque monkey has been the subject of intense investigation, both in terms of its architecture and connections (Bonin and Bailey, 1947; Barbas, 1988 Barbas, , 1993 Barbas and Pandya, 1989; Preuss and Goldmann-Rakic, 1991; Morecraft et al., 1992; Ray and Price, 1993; . This work has generally followed and refined the architectonic subdivisions introduced by Walker (1940) . In the monkey brain, five major architectonic regions have been identified in the orbitofrontal cortex: area 13 caudally, area 11 anteriorly, area 14 medially, area 47/12 laterally, and frontal polar area 10 (Walker, 1940; Barbas and Pandya, 1989; Petrides and Pandya, 1994) . Recently, the cytoarchitecture of the macaque monkey and the human orbitofrontal cortex has been examined in a comparative manner and the human orbitofrontal cortex has been subdivided using criteria and terminology that are consistent between the monkey and human brains (Petrides and Pandya, 1994) .
Gyral-Architectonic Correlations
Gyrus rectus (GR). Walker (1940) originally used the term "area 14" to describe the cortex of the gyrus rectus on the orbital surface of the monkey brain. Subsequent studies in the monkey showed that this area extends to the ventral part of the medial frontal cortex as far as the rostral sulcus (Barbas and Pandya, 1989; Preuss and Goldmann-Rakic, 1991; Petrides and Pandya, 1994) . Area 14 has also been shown to occupy the gyrus rectus of the human brain (Petrides and Pandya, 1994) .
Medial orbital gyrus (MOG) . Studies in the macaque (Amaral and Price, 1984; Petrides and Pandya, 1994) and human brain (Petrides and Pandya, 1994) have shown that the me- dial orbital gyrus ( Fig. 2 ; orange area) encompasses area 11 (around the rostral portion of the medial orbital sulcus), area 13 (around the middle and posterior portions of the medial orbital sulcus), and may include the lateral part of area 14 (around the olfactory sulcus).
Anterior orbital gyrus (AOG). Brodmann used the term "area 11" to refer to a large portion of the human orbitofrontal region, including the cortex of the gyrus rectus, the medial orbital gyrus, and a large part of the anterior orbital region. He explicitly acknowledged that this is not a homogeneous area and that it can be further subdivided. He recognized an "area recta" subdivision occupying the gyrus rectus and a "medial orbital area" that lies next to it. In the monkey brain, the term "area 11" was used by Walker (1940) to refer to the midorbitofrontal cortex that is clearly distinguished architectonically from the cortex lying on the gyrus rectus which he labeled "area 14." A comparative architectonic analysis of the macaque monkey and the human orbitofrontal cortex revealed that the "area recta" component of Brodmann's area 11 is architectonically similar to area 14 of the macaque monkey. For this reason, this region has been labeled area 14 in the human as well (Petrides and Pandya, 1994) . The 
Note. Bounding box coordinates for the orbitofrontal sulci. The values in bold represent the boundaries of the x, y, and z coordinates containing a particular sulcus in at least 10% of subjects. The italicized values represent the region of greatest probability for a particular sulcus. For the olfactory and medial orbital sulci, values are presented separately for the rostral (r) and caudal (c) portions of the sulci.
TABLE 2
Bounding Box Coordinates for the Orbitofrontal Gyri in Talairach Space   GR  MOG  AOG  POG  LOG x Right r: 0 to ϩ9.5 r: ϩ9.5 to ϩ21.5 ϩ21.5 to ϩ39.5 ϩ22 to ϩ39.5 ϩ39.5 to ϩ55 c: 0 to ϩ13 c: ϩ13 to ϩ22
Left r: 0 to Ϫ7.5 r: Ϫ7.5 to Ϫ20.5 Ϫ20.5 to Ϫ39 Ϫ22.5 to Ϫ39 Ϫ39 to Ϫ55 c: 0 to Ϫ12 c: Ϫ12 to Ϫ22.5 y Right ϩ7 to ϩ61 ϩ14 to ϩ61 ϩ36 to ϩ61 ϩ16 to ϩ36 ϩ24 to ϩ55 Left ϩ6 to ϩ60 ϩ10 to ϩ60 ϩ35 to ϩ60 ϩ12 to ϩ35 ϩ20 to ϩ55 z Right Ϫ10 to Ϫ31 Ϫ9 to Ϫ31 Ϫ5 to Ϫ25 Ϫ5 to Ϫ25 Ϫ5 to Ϫ21 Left Ϫ10 to Ϫ32 Ϫ8 to Ϫ32 Ϫ5 to Ϫ26 Ϫ5 to Ϫ26 Ϫ5 to Ϫ21
Note. Bounding box coordinates for each orbitofrontal gyrus as determined by taking the midpoints of neighboring sulci as the boundaries of the intervening gyrus.
term "area 11" has been restricted to that part of Brodmann's area 11 that has architectonic features similar to those of Walker's area 11 (Petrides and Pandya, 1994) . This more restricted area 11 occupies the anterior orbital gyrus, although it is not entirely confined to it.
Posterior orbital gyrus (POG) . In the monkey brain, the posterior part of the orbital frontal lobe that lies between the lateral and medial orbital sulci has been designated "area 13" by Walker (1940) . Area 13, however, is absent from the map of Brodmann (1909) , who included the posterior human orbitofrontal region as part of his "area 47." More recently, the posterior orbitofrontal cortex of has been examined in a comparative manner (Petrides and Pandya, 1994; Semendeferi et al., 1998) . These studies have shown that the human posterior orbital gyrus has similar architectonic features to those of area 13 in the macaque (Petrides and Pandya, 1994; Semendeferi et al., 1998) , as well as to those of the great and lesser apes (Semendeferi et al., 1998) . On the basis of the similarity in architecture and topography among species, this region has been designated area 13 in the human brain.
Lateral orbital gyrus. In the monkey brain, the lateral part of the orbitofrontal cortex extending around the ventrolateral convexity has been termed "area 12" (Walker, 1940; Barbas and Pandya, 1989; . In the human brain, however, Brodmann (1908 Brodmann ( , 1909 used the term "area 47" to refer to a part of the ventrolateral and caudal orbital frontal lobe. Recently, it has been shown that the region of the human brain extending from the lateral orbital sulcus around the ventrolateral convexity anterior to and just below area 45 has architectonic features similar to the ventral, orbital, and rostral area 12 of Walker (Petrides and Pandya, 1994) . In an effort to acknowledge similarity in topography and architecture in this part of the frontal cortex, Petrides and Pandya (1994) , have labeled this region area 47/12 in both the monkey and human brain. The lateral orbital gyrus therefore encompasses area 47/12, which extends from the lateral orbital sulcus, ventrally, to approximately the level of the horizontal ramus of the Sylvian fissure, dorsally.
Frontal pole. In both the monkey and the humans, area 10 occupies the frontal pole. It extends onto the lateral, medial, and orbital frontal cortex. It is bordered by areas 14 and 11 ventrally, by areas 9, 46, and 47/12 laterally, and by areas 9, 32, and 14, medially.
